ABSTRACT The effects of broiler breeder age (26, 28, and 30 wk) and incubator relative humidity (43, 53, and 63% RH) on yolk sac weight and composition in broiler hatching eggs between 16 and 19 d of incubation were evaluated. Percentage yolk sac weight was reduced in eggs from the youngest (26 wk) breeder hens and in eggs incubated at 53% RH. Percentage yolk moisture, in eggs from the youngest hens, was lowest at 16 d and was highest at 19 d, and percentage yolk lipid was highest at 16 and 17 d of incubation in eggs from 30-wk-old hens. Percentage yolk lipid content was higher at 63% RH compared with 53% RH in eggs from 26-wk-old breeders but was lower in eggs incubated at a 43% RH compared with 53 and 63% RH from 30-wk-old breeders. Yolk stearic and
INTRODUCTION
Hatchability (Lundy, 1969) and chick weight (Tullett and Burton, 1982; Burton and Tullett, 1985) are affected by the amount of moisture lost from the egg during incubation. Furthermore, egg water loss during incubation is influenced by the RH of the incubator (Lundy, 1969) . Embryogenesis and posthatch development have been shown to be affected by interactions between breeder age (Shanawany, 1984) and incubator RH (Tullett, 1981; Tullett and Burton, 1982) . Egg (Petersen, 1965; Shanawany, 1984) and yolk (Cunningham et al., 1960; O'Sullivan et al., 1991) weights increase as the hen ages. French and Tullett (1991) reported that hens progressing through lay produce larger eggs with larger yolks but with smaller 2001 Poultry Science Association, Inc. Received for publication November 27, 2000. Accepted for publication May 11, 2001. 1 This is Journal Article No. J-9763 from the Mississippi Agricultural and Forestry Experiment Station supported by MIS-2985. 2 Use of trade names in this publication does not imply endorsement by Mississippi Agricultural and Forestry Experiment Station of these products or of similar ones not mentioned. 3 To whom correspondence should be addressed: dpeebles@ poultry.msstate.edu.
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arachidonic acid concentrations were higher and myristic acid concentration was lower in eggs from the 26-wkold hens. Conversely, the highest yolk concentrations of linolenic and palmitoleic acids occurred in eggs from 30-and 28-wk-old breeders, respectively. At 16, 17, 18, and 19 d of incubation, yolk oleic acid concentrations were significantly, but variably, affected by breeder age, whereas linoleic acid concentration was highest in 26-wkold breeders only at 19 d. Palmitic acid concentration at 17 d was lower in eggs incubated at 53% RH compared with 43 and 63% RH. Rate of yolk uptake from the yolk sac by embryos may be increased by incubating eggs at 53% RH, and the effects of changes in RH between 43 and 63% on yolk lipid content are influenced by breeder age.
increases in the amount of albumen. In addition, eggs from young flocks, which have higher albumen qualities, respond positively to lowered incubation RH (Vick et al., 1993) .
Yolk fatty acid concentrations in fresh eggs are influenced by breeder hen age , and the fatty acid profile of a diet can affect the fatty acid profile of the yolk (Cruickshank, 1934; Sell et al., 1968; Sim et al., 1973; Hargis and Van Elswyk, 1993) . Latour et al. (1996) showed that relative yolk sac weight (YSW) of embryos at 18 d of incubation was lower in eggs from breeder hens at 26 wk as compared to those at 36 wk of age. A reduced rate of lipid mobilization from the yolk into the membrane of the yolk sac of young breeders has been demonstrated (Noble et al., 1986) , and Latour et al. (1996) have recently shown variable effects of broiler breeder hen age on several essential and nonessential yolk fatty acids.
By monitoring the effects of breeder age and RH on yolk composition, optimal combinations of these two factors for the improvement of broiler embryo and chick Abbreviation Key: YSW = yolk sac weight; YM = yolk moisture; YL = yolk lipid. performance may be elucidated. This research was designed to determine yolk characteristics of broiler hatching eggs taken from young hens and subjected to various RH regimens.
MATERIALS AND METHODS

Hatching Egg Supply
Hatching eggs were produced from Arbor Acres 4 feather-sexable yield strain (FSY) females mated to Arbor Acres strain (Yield) males. Males and females were grown sex-separated in light-controlled facilities on an 8-h photoperiod. The feeding and BW programs were similar to those of Walsh and Brake (1997) , and details of house management were as described by Brake and Baughman (1989) . At 20 wk (141 d) of age, the birds were moved to slat-litter breeding pens and were photostimulated with a 14-h photoperiod.
In each trial, eggs were collected from the donor flock at 26, 28, and 30 wk of age. Eggs were collected during the fall in Trial 1 and during the following spring in Trial 2. In Trial 1, 430, 774, and 866 eggs were set per RH treatment (incubator) at 26, 28, and 30 wk of age, respectively. In Trial 2, 348, 467, and 480 eggs were set per RH treatment at 26, 28, and 30 wk of age, respectively. Equal numbers of hatching eggs were collected daily, identified by date of collection and pen, and stored at 18 C and 70% RH until sorted into RH incubation treatments and set in incubators. Eggs from the various pens were randomly, but equally, distributed among the various RH treatments (incubators) to eliminate any bias due to pen or length of egg storage. Eggs were stored for up to 6 d when set. At each week of breeder age, approximately 100 eggs per incubator were labeled and weighed prior to set so that YSW at 16, 17, 18, and 19 d of incubation could be calculated as a percentage of egg weight obtained immediately prior to the initiation of incubation.
Incubation
Machines used for incubation were Jamesway Model 252B incubators.
5 All machines were operated at a dry bulb temperature of 37.5 ± 0.5 C and a wet bulb temperature of 26.7, 28.9, or 31.1 ± 0.5 C. These temperatures created the 43, 53, and 63% RH treatments, respectively. Machines were monitored twice daily for proper operation. At Day 16 of incubation, all eggs were candled for evidence of live embryos. Only eggs with viable embryos were transferred at 16 d of incubation to 30-wire pedigree hatching baskets and returned to the original incubator to complete incubation.
Yolk Sampling and Analysis
Eggs used for yolk analyses were taken from the incubators at 16 (prior to transfer), 17, 18, and 19 d of incuba-4 Arbor Acres Farm, Inc., Glastonbury, CT 06033. tion. Four eggs in Trial 1 and 10 eggs in Trial 2 at each day of incubation, breeder age, and RH group were sampled for measurement of egg weight, YSW, yolk lipid (YL), yolk moisture (YM), and yolk fatty acid contents. Embryos were euthanized by cervical dislocation. Yolk sacs were carefully separated from their embryos as described by Peebles et al. (1998) . The YSW was expressed as a percentage of egg weight prior to set. Percentage YM determinations and calculations were as described by Peebles et al. (1999) and were expressed as a percentage of yolk sample weight at necropsy.
Dried samples were individually sealed in labeled plastic jars and stored at −20 C until further composition analyses. Yolk lipid extractions and fatty acid methylation and analysis were as described by Latour et al. (1998) . Total YL content was expressed as a percentage of yolk sample weight and fatty acid concentrations were as percentages of total yolk fatty acids.
Statistical Analysis
Each trial represented a replicate in time. A randomized complete block design was used with trials (replicates) serving as blocks. A factorial arrangement was used to test for the main effects of breeder age, RH, and day of incubation and their interactions. Angular transformations (arc sine of the square root of the proportion affected) were performed on all percentage data prior to analysis (Steel and Torrie, 1980) . Least-squares means were compared in the event of significant effects. All data were analyzed using the mixed model procedure of SAS software (1996) . Statements of significance were based on P ≤ 0.05 unless otherwise stated.
RESULTS
There were significant main effects due to breeder age (P ≤ 0.008), day of incubation (P ≤ 0.0001), and RH (P ≤ 0.001) for percentage YSW. Percentage YSW was higher in eggs from breeders at 28 and 30 wk compared with those at 26 wk. At 26, 28, and 30 wk, percentage YSW was 17.8, 18.6, and 18.5%, respectively (SEM = 0.19). Percentage YSW also decreased significantly with day of incubation between 16 and 19 d. Percentage YSW at 16, 17, 18, and 19 d, was 20.5, 19.7, 18 .0, and 15.1%, respectively (SEM = 0.22). Furthermore, percentage YSW in eggs incubated at 53% RH was significantly smaller than that of eggs incubated at 43 and 63% RH. At 43, 53, and 63% RH, percentage YSW was 18.3, 17.8, and 18.8%, respectively (SEM = 0.19).
There were significant breeder age by day of incubation interactions for percentage YM (P ≤ 0.0002) and percentage YL (P ≤ 0.02). Differences among breeder ages at each day of incubation are shown in Table 1 There was a significant (P ≤ 0.0001) main effect due to breeder age for yolk concentrations of stearic, linolenic, arachidonic, palmitoleic, and myristic acids (Table 3) . Percentage yolk stearic and arachidonic acids were higher at 26 wk compared with 28 or 30 wk. However, linolenic acid levels were higher at 30 wk compared with those at 26 and 28 wk, and yolk palmitoleic acid levels were higher at 28 wk compared with those at 26 and 30 wk. Myristic acid concentration was higher at 28 and 30 wk compared with that at 26 wk. There was a significant (P ≤ 0.0001) day of incubation main effect for concentrations of arachidonic and myristic acids in yolk (Table 4) . Percentage yolk arachidonic acid was higher at 16 and 17 d of incubation compared with that at 18 and 19 d of incubation, and There was a significant (P ≤ 0.04) day of incubation by RH interaction for yolk palmitic acid concentration. Differences among RH within day of incubation are provided in Table 6 . Only at 17 d of incubation was there a significant effect due to RH. At that time, yolk palmitic acid concentration was lower in eggs incubated at 53% RH compared with those at 43 or 63% RH.
DISCUSSION
As hens age, they lay larger eggs (Petersen, 1965; Shanawany, 1984; French and Tullett, 1991) with larger yolks (Cunningham et al., 1960; O'Sullivan et al., 1991) . However, percentage YSW of chicks from breeders at 51 wk of age have been reported to be smaller than those from broiler breeders at 36 and 64 wk . Current results indicated that percentage YSW of embryos between 16 and 19 d of incubation was lower in eggs from 26-wk-old breeders compared with those from 28-wk and 30-wk-old breeders. Likewise, Latour et al. (1996) found that 18-d embryos from breeders at 26 wk had a smaller percentage YSW when compared with breeders at 36 and 48 wk. The yolk sac is the main nutrient source for the developing embryo, as it absorbs yolk during the final week of incubation. It would appear that yolks of embryos from very young breeders (26 wk) may be absorbed at a higher rate between 16 and 19 d than those from hens that are slightly more mature (i.e., 28 and 30 wk). Subsequent declines in yolk absorption rate after 19 d in the 26-wk-old group may, likewise, eliminate or reverse comparative differences in residual percentage YSW of posthatch chicks from very young and more mature parents. Nevertheless, a relatively higher rate of yolk uptake during the final week of incubation by embryos from very young parents may stem from an effort to compensate for possible deficiencies in yolk nutrient content or inefficiencies in lipid transfer, nutrient utilization, and metabolism. Differences in rate of yolk absorption during this time would consequently lead to greater differences in percentage YSW. Lower hatching rates (Romanoff, 1929 (Romanoff, , 1930 and poorer early chick performance (Tullett and Burton, 1982) are influenced by rate of incubational egg water loss. Furthermore, poorer hatching potentials (O'Sullivan et al., 1991) and posthatch performances (Wyatt et al., 1985) have been associated with eggs from young breeders. Tullett and Burton (1982) have also shown that hatchling mass is well correlated with initial egg mass and egg water loss during incubation. Ar (1991) has suggested that a 10% loss of total internal egg moisture is required to produce an air cell volume for adequate respiratory expansion during pipping. Because rate of water loss from eggs may be manipulated by altering incubational RH (Lundy, 1969) , it is important to consider the effects of RH on yolk absorption and utilization by the embryo. A RH of 50% at an air temperature of 37.5 C is generally accepted as optimal for incubation of chicken eggs (Tullett, 1990) . Recent studies have shown that better chick performance was achieved when hatching eggs from young hens were incubated at 53% RH rather than 43 or 63% RH (Bruzual et al., 2000) . In the present study, percentage YSW between 16 and 19 d of incubation was lower in eggs incubated at 53% RH in comparison with those incubated at 43 or 63% RH. Whether or not posthatch performance of chicks from eggs incubated at a different RH is directly related to differences in embryonic yolk sac absorption rate can only be surmised. However, a higher rate of yolk absorption in late embryos at the 53% RH would be expected to promote posthatch performance as shown by Bruzual et al. (2000) . Marshall and Cruickshank (1938) have established that percentage weight loss in small chicken eggs is more rapid than from larger eggs due to the relatively greater evaporative surface to volume of small eggs. The current results showed that percentage YM at 16 d of incubation was lower in eggs from 26-wk-old breeders compared with those from 28-and 30-wk-old breeders, suggesting that smaller eggs from 26-wk-old breeders are lower in YM early in the rapid yolk absorption phase compared with those from larger eggs laid by older breeders. However, by 19 d, when rate of yolk absorption had peaked, YM increased in the smaller eggs in relation to other yolk nutrients. This increase was evidenced by a significantly higher YM percentage in eggs from 26-wk-old breeders compared with 30-wk-old breeders at 19 d of incubation. Water concentration in the yolk is relatively low (42 to 65%) in comparison with that in the albumen (85 to 95%) (Southerland and Rahn, 1987) , but moisture is maintained in the yolk in preference to the embryo when fluid reserves in the egg decrease just prior to hatch (Tullett and Burton, 1982) . Yolk moisture in the smaller eggs, therefore, may be more highly conserved during this peak period of yolk absorption.
A higher rate of yolk absorption may allow embryos from younger hens to maintain higher concentrations of tissue water. Declines in embryo moisture content with embryo age (Peebles et al., 1999 ) might then be slowed Yolk oleic and linoleic acid concentrations of eggs at 16, 17, 18, and 19 d Means within day of incubation among weeks of breeder age with no common superscript differ significantly (P ≤ 0.05). with increased uptake of yolk-derived water by the embryo. Higher percentage YM at 19 d of incubation in small eggs from very young breeders would compensate for an increased relative rate of water loss and protect the embryo from dehydration. An excess amount of moisture inside the yolk during the last half of incubation, on the other hand, has been found to have no effect on embryonic growth (Thomas et al., 1988) . Water is a metabolic byproduct of lipid oxidation (Ar and Rahn, 1980) , and increased YL utilization may allow for increased availability of metabolic water; however, embryo body fat and moisture contents have been found to be negatively correlated by the end of incubation (Peebles et al., 1999) . Nevertheless, rate of YL uptake and selective fatty acid oxidation may permit embryos partial control of body moisture levels.
Embryos from very young flocks (25 wk of age) have been reported by Noble et al. (1986) to have larger relative amounts of residual total YL in their yolk sacs at 19 d of incubation when compared with older flocks (41 wk of age). That finding suggests that embryos from more mature flocks utilize more YL than those from very young flocks. Embryos in eggs from young hens have also been noted to have difficulty metabolizing YL into energy (Noble et al., 1986) , and YL transfer from the yolk sac to the embryo may be less efficient in eggs from young breeders (Shanawany, 1984) . Current results indicated decreased percentage YL in the eggs of 26-wk-old breeders compared with 30-wk-old breeders at 16 and 17 d of incuba- tion. In addition, percentage YL was lower in 28-wk-old breeders compared with 30-wk-old breeders at 16 d of incubation. The data from this study suggest that embryos in eggs from the younger birds in both scenarios are absorbing YL reserves at a relatively higher rate than their counterparts at 30 wk of age. Although percentage YL in this study was lower at 26 and 28 wk in comparison with that at 30 wk, it may be potentially greater relative to that in eggs from much more mature flocks (i.e., 41 wk of age).
Results also indicated a reduction in percentage YL for those eggs incubated at 53% RH compared with those incubated at 63% RH and obtained from 26-wk-old breeders; we also noted a reduction in YL at 43% RH compared with the 53 and 63% RH in eggs from 30-wk-old breeders. These data further suggest that a lower RH, particularly in hens at 30 wk of age, may accentuate the rate of YL absorption. The impact of breeder age on the relationship between incubational RH and the utilization of yolk by developing embryos may be due to corresponding changes in egg weight. A companion article (Peebles et al., 2001) reported the effects of the same breeder ages and RH treatments used in this study on embryo body compositions. A significant breeder age by day of incubation by RH treatment interaction was found for embryo crude fat content. Fat contents of embryos at 19 d of incubation in eggs from 26-wk-old breeders and at 16 and 21 d in eggs from 28-wk-old breeders were higher when eggs were incubated at 63% RH compared with 43% RH.
Water and fat contents of embryos have been shown to exhibit inverse functional relationships between 15 and 21 d of incubation (Peebles et al., 1999) . However, decreased water loss from eggs at the highest RH (63%) may decrease the need for yolk-derived water and may subsequently decrease associated YL uptake and its deposition in embryonic tissues. Lipid oxidation and the production of metabolic water, likewise, may be impeded. Nevertheless, relative wet embryo body weight was higher at 63% RH compared with 43% RH (Peebles et al., 2001) , indicating that a slower uptake of YL at the highest RH did not retard overall growth of the embryo.
Water production through metabolic oxidation differs for individual fatty acids (Lehninger, 1979) , and embryos appear to preferentially absorb certain fatty acids. Yolk fatty acid profiles, therefore, would be expected to change with breeder age and incubation RH as well as with day of incubation. Latour et al. (1998) provided data showing that broiler breeder age influences the YL contents of fresh eggs and the utilization of YL by developing embryos. More specifically, fresh egg yolks from 36-wk-old breeders exhibit higher levels of palmitoleic acid when compared with the levels observed in fresh egg yolks of 51-wk or 64-wk-old breeders. Those levels also decrease significantly by 21 d of incubation only in eggs from 36-wk-old hens. Furthermore, at 36 wk of breeder age, the concentrations of oleic and arachidonic acid are higher in yolks from hatched chicks than in fresh eggs.
Current results showed that breeder age by day of incubation interactions occurred for percentage YL and several yolk fatty acids. However, there were notable consistent associated changes between percentage YL and a few fatty acids in response to breeder age. When comparing 26-and 30-wk-old breeders, decreased percentages of YL at 16 and 17 d of incubation in the younger age group were associated with decreased yolk linolenic and myristic and increased stearic and arachidonic acids between 16 and 19 d. Decreased yolk oleic acid at 16 and 18 d of incubation was also found in the 26-wk-old group compared with those at 30 wk. These results suggest that the uptake of linolenic, myristic, and oleic acids by embryos from the younger hens was greater in proportion to other fatty acids in conjunction with an increase in percentage YL utilization.
Conversely, stearic and arachidonic acids were relatively spared in the yolks of younger hens. Arachidonic acid is synthesized from linoleic acid and is essential for chick growth. Linoleic acid concentration, therefore, would be expected to decrease in association with increased yolk arachidonic acid concentrations. Whether or not increased arachidonic acid concentrations in the yolk were due to a lower rate of absorption or from increased production from linoleic acid through elevated ∆6-desaturase activity in the yolk sac membrane is uncertain (Noble and Shand, 1985; Noble and Cocchi, 1990) . However, the lack of any change in linoleic acid concentration between 16 and 18 d and an elevation at 19 suggest that arachidonic acid was being absorbed at a slower rate only. Because yolk sac membrane ∆-9 desaturase activity converts stearic acid to oleic acid (Noble and Shand, 1985; Noble and Cocchi, 1990) , perhaps higher stearic and lower oleic acid concentrations in the yolks of eggs from 26-wk-old breeders compared with those at 30 wk may also be due to decreased ∆-9 desaturase activity in the very young hens relative to the slightly older birds. Nevertheless, the significant effects of breeder age on yolk oleic and arachidonic acid concentrations point to breeder age effects on yolk sac membrane desaturase activity.
At Day 17, yolk palmitic acid concentration was lower at 53% RH compared with that at 43 or 63% RH. Also, percentage YSW was lower at 53% RH compared with 43 and 63% RH, and percentage YL was lower at 53% RH compared with 63% RH in eggs from 26-wk-old hens. In related work by Peebles et al. (2001) , relative wet embryo weight was higher in eggs incubated at 53% RH compared with 43% RH between 17 and 19 d of incubation. Peebles et al. (1999) previously noted that as the embryo absorbed YL during the second week of incubation, an associated decrease in yolk palmitic acid occurred. It was suggested that the utilization of yolk palmitic acid with embryonic growth during that time may be necessary for increased embryo DM synthesis. Yolk palmitic acid concentration was also found by Peebles et al. (1999) to be positively correlated with percentage embryo moisture content at 9 and 12 d of incubation; however, Peebles et al. (2001) reported no influence of RH on embryo moisture content. Taken together, these data suggest that embryonic growth rate, in terms of DM accumulation, was maximized at a 53% RH and was concomitant with increased total yolk and yolk palmitic acid utilization in eggs from young broiler breeders.
